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表明穿膜多肽 Tat 修饰 GS NPs 可以提高其进入细胞的效率，因此本文旨在通过





共聚焦和图像处理软件 Image J 比较了这几种纳米粒子逃逸溶酶体的效率；通过
Hela 细胞转染结果的比较并结合上述实验，我们最终确定了最适合介导 GS NPs
基因转染的多肽。另外，我们设计在多肽-GS 合成过程中添加一定比例的 Tat 以
期进一步提高纳米粒子基因转染的效率。 
（2）将适配体 AGRO100 共价连接到 GS 纳米粒子表面以介导纳米粒子特异
性靶向 A549 肺癌细胞。通过荧光光谱检测了适配体在 GS 纳米粒子上的连接效
率；采用流式细胞仪和激光共聚焦检测了纳米粒子的细胞内化，通过比较纳米粒
子在人肺癌细胞 A549 和对照细胞大鼠原代成纤维细胞的内化情况，我们证明这
种纳米粒子对 A549 细胞有很好的靶向性。 
（3）将适配体 AGRO100 和 siRNA 共同连接到 GS NPs 上用于 A549 细胞的
特异性 RNA 干扰。通过琼脂糖凝胶电泳检测了 GS 上 siRNA 的连接效果；通过
检测细胞内萤光素酶表达量的变化来评估纳米粒子介导的 RNA 干扰的效率。结
果表明这种修饰了适配体并载有 siRNA 分子的纳米粒子在一定浓度下不需要脂

















Gelatin-siloxane nanoparticles (GS NPs) are novel organic-inorganic hybrid 
biomaterials with good biocompatibility and DNA encapsulation and release ability. 
Our previous study has shown that the cellular uptake efficiency could be increased 
by decorating GS NPs with cell-penetration peptide (CPP) Tat. Herein, we designed to 
conjugate GS NPs with other functional molecules such as membrane-fusion peptide 
and aptamers to develop the multi-functional ability of GS NPs in gene or other 
therapeutic molecules delivery. The main studies are as follows: 
 (1) The membrane-fusion peptide octaarginine (R8) and influenza virus 
hemagglutinin protein subunit HA2 were conjugated on the surface of GS NPs to 
improve the endosome escape ability and finally to improve the gene transfection 
efficiency. The cellular uptake of these NPs was evaluated by using flow cytometry 
(FACS). The NPs-lysosome colocalization image was captured by confocal laser 
scanning microscope (CLSM) and analysed using image processing software Image J. 
The in vitro gene transfection experiment was used to test the gene delivery potential 
of the peptide-GS NPs. Combined with the FACS and CLSM experiments, we finally 
select the suitable peptide for GS NPs mediated gene delivery. Besides, we also added 
certain portion of CPP Tat during the peptide-GS synthesis. The as-synthetic 
multi-conjugated NPs were also tested for their gene delivery potential. 
 (2) The aptamer AGRO100 was decorated on the surface of GS NPs to mediate 
the specific targeting to human lung cancer A549 cells. The fluorescence spectroscopy 
was used to evaluate the conjugated efficiency of aptamers. The cellular uptake of 
NPs was examined by using FACS and CLSM. By comparing the uptake efficiency 
between human lung cancer cells A549 and Rat fibroblast cells, we prove that the NPs 
have good targeting ability to A549 cells. 
(3) The mulit-conjugation of aptamer and siRNA on the surface of GS NPs was 















evaluated by using agrose gel electrophoresis. The siRNA targeted to luciferase gene 
was covalently linked to GS NPs to evaluate their RNA interference ability. The 
results demonstrated that the NPs, which were decorated with aptamers and 
conjugated with siRNA, can mediate efficient RNAi without the help of liposomes in 
certain concentrations in A549 cells. 
Key words: Gelatin–siloxane nanoparticles, membrane-fusion peptide, aptamer, in 


















陷基因[1]。早在 1972 年，Friedmann 和 Roblin 就提出将基因治疗用于人类的遗
传性疾病[2]。在 2000 年，Cavazzana-Calvo 等在巴黎首次成功地实现了对多种免


















































    （1）阳离子聚合物。壳聚糖、聚醚酰亚胺（PEI）、明胶等都属此类。Erbacher
等人将壳聚糖用于体外培养细胞的转染，取得了很好的效果[12]；而 PEI 作为转
染试剂，其使用已经得到了商业化推广。由于 PEI 相对较高的细胞毒性，很多研
究集中在 PEI 的改性及修饰方面以提高 PEI 的生物相容性。Kunath 等人证明了



































Figure 1.1 The intracellular pathway of non-virual vector mediated gene delivery 



























1988 年 Frankel 等人发现人免疫缺陷病毒（HIV-1）中的转录调节蛋白 Tat 有直接
穿过细胞膜并靶向细胞核的作用以来[20]，人们陆续发现了很多在穿越细胞膜和
逃逸溶酶体方面有功能的多肽。如寡聚精氨酸（oligo-Arg）[21]、Transportan[22]、
Penetratin[23]等。有关功能性多肽的总结如表 1.1 所示。 
1.3.1.1 细胞穿膜肽（Cell-penetrating peptide,CPP） 
CPP 是一类能够穿越细胞膜的多肽。一般分为两类。一类来源于天然存在的
蛋白质；另一类则是人工设计合成的多肽。Penetratin 和 Tat 以及一些信号肽等属
于前者。这些多肽进入细胞的方式也不尽相同。Penetratin 是来源于 Antennapedia




















Table 1.1 Examples of native or synthetic functional peptides 
多肽名称 氨基酸序列 来源 功能 
天然多肽    






HA2 GLFGAIAGFIENGWEGMIDGGCGKKKK 流感病毒血凝素蛋白 逃逸溶酶体[28] 
合成多肽    
MPG** GALFLGFLGAAGSTMGAWSQPKKKRKV  DNA 包裹；细胞内化；核定位[29] 
Pep-1** KETWWETWWTEWSQPKKKRKV  DNA 包裹；细胞内化；核定位[29] 
Transportan GWTLNSAGYLLKINLKALAALAKKIL  增强细胞内化[22] 
PPTG20 GLFRALLRLLRSLWRLLLRA  DNA 包裹；膜融合作用[30] 
R8 RRRRRRRR  增强细胞内化；逃逸溶酶体 
KALA WEAKLAKALAKALAKHLAKALAKALKACEA  DNA 包裹；膜融合作用[31] 
 
* 含有赖氨酸、精氨酸等碱性氨基酸的多肽因为在中性及酸性条件下带有正电荷，因此都有一定的逃逸溶酶体作用，如 Tat、R8 等多
肽，只是这种作用不随 pH 条件的改变而改变。 
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